Abstract. We present a new product composed of a set of thermohaline climatic indices from 1950 to 2015 for the Mediterranean Sea such as decadal temperature and salinity anomalies, their mean values over selected depths, decadal ocean heat and salt content anomalies at selected depth layers as well as their long times series. It is produced from a new high-resolution climatology of temperature and salinity on a 1/8
Mediterranean experienced a dramatic change from the surface layers to the bottom. Dense water of Aegean origin replaced the resident Eastern Mediterranean Deep Water (EMDW) of Adriatic origin. Inducing the uplifting of the Ionian deep waters, the EMT significantly modified the characteristics of the water masses flowing through the Sicily Strait, while the remarkable presence of salty Cretan Intermediate Water (CIW) (Klein et al., 1999) in the Ionian Sea enhanced the salt export from the Eastern to the Western Mediterranean at the end of 1990s. The EMT affected not only the nearby Tyrrhenian Sea, but also the 5 Western Mediterranean Deep water production (Schröder et al., 2006; Schroeder et al., 2017) . After 2000, the dense waters of Aegean origin were no longer dense enough to reach the bottom layer and the Adriatic Sea regained its role as primary source of dense water (Theocharis et al., 2002; Manca, 2003) .
Heat and salt contents are calculated from temperature and salinity differences in relation to mean climatological reference values integrated over a particular reference depth and study area (see next section for more details). To detect their long term 10 tendency, long time series extending to more than a few decades are needed in order to identify the natural climate long term oscillations and quantify any remaining trends related to global warming. In small areas where the data coverage is sufficient, OHC/OSC changes are calculated directly from the in-situ measurements. But in large basin scale, where the coverage is not good enough we need to interpolate the data to fill the gaps. In such cases, the noise from the interpolation schemes is an additional source of uncertainty. In 2000, Levitus, using the World Ocean Database (https://www.nodc.noaa.gov/OC5/ 15 WOD/pr_wod.html), was the first who spoke about the warming of the global oceans and quantified the interannual-to-decadal variability of the heat content. Since then, periodical updates are released based on additional data, corrections of the timevarying systematic bias in expendable bathythermograph data and corrections of some ARGO float data. He also showed that the correction of bathythermographs reduces the interdecadal variability but the long-term trends remain similar (Levitus et al., 2009 ). An analogous study in the Mediterranean showed that including or not the bathythermographs in the OHC estimates of (Levitus et al., 2012) . It is worth mentioning that the ARGO array of profiling floats (their deployment started in 2000), improved significantly the in-situ observations spatial coverage and the thereafter assessments for the 0-2000 m but there are still many regional seas uncovered (observations there come mainly from hydrographic cruises).
In the Mediterranean, many works since the late 1980s have been carried out trying to quantify the trends for the temperature 30 and salinity and determine what causes underlie these (such as global warming or anthropogenic climate change due to main rivers damming). Table 1 in Vargas-Yáñez et al. (2008); Manca et al. (2004) , and in Table 1 in Skliris et al. (2018) summarize the main findings. An analysis of the results show that there are differences between them arising from: a) the input data (in-situ or interpolated data or model or satellite) b) their spatial and temporal variability, c) the choice of the climatological reference, d) the quality control procedures, e) the instruments accuracy f) the mapping techniques e.g. the gridding and infilling The objective of this work is to contribute to the efforts of the oceanographic community to quantify with more accuracy the T/S and OHC/OSC variations by providing a new product based on additional and more recent observations which have been averaged in time and interpolated in space in an optimal way in order to smooth the decadal noise and reveal the long 20 term trends. The new product is expected to give a more detailed insight into the spatial pattern of the changes for the whole Mediterranean and the decadal variability of OHC/OSC. The originality of this product compared to the existing ones is that we: a) use a higher spatial and temporal resolution gridded fields of T/S anomalies, b) provide a large-basin scale spatial patterns for the trends of the decadal T/S and OHC/OSC anomalies, c) provide long-term time series of the decadal anomalies, c) provide 30-year averages for evaluating the climate shift in the Mediterranean. The finer spatial resolution of the input data 25 climatology is filtering out the noise induced by the mesoscale features but at the same time is such that it smoothes less the large scale features. The temporal resolution is such that it smoothes the strong seasonal, interannual and decadal variability so as the final product to be able to resolve in more details the climatic variability and identify possible warming trends. Three layers were considered in this work as representative of the main water masses found in the Mediterranean: 0-150 m, 150-600 m, 600-4000 m respectively for the surface, intermediate and deep waters, as in Robinson et al. (2001) , and one additional 
Data and Methods

Data Sources
Gridded horizontal fields from a new high resolution climatology of temperature and salinity for the Mediterranean (Iona et al., 2018) were used as input data. These fields were produced using the SeaDataNet temperature/salinity historical data collection V2 (INGV, 2015, available at http://sextant.ifremer.fr/record/8c3bd19b-9687-429c-a232-48b10478581c/). The SeaDataNet 5 collection comprises 213542 temperature and 138691 salinity profiles from in-situ measurements for the 1911 to 2015 period.
The gridded fields cover the geographical region -6.25
• N on 31 standard depth levels from 0-4000 m: [0, 5, 10, 20, 30, 50, 75, 100, 125, 150, 200, 250, 300, 400, 500, 600, 700, 800, 900, 1000, 1100, 1200, 1300, 1400, 1500, 1750, 2000, 2500, 3000, 3500, 4000] . The spatial resolution is 1/8
• × 1/8
• . The seasonal scale is: winter (January-March), spring (April-June), summer (July-September), fall (October-December). The gridding of the in-situ observations was done with the
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Data Interpolating Variational Analysis (DIVA) software tool that allows the spatial interpolation of data in an optimal way, comparable to optimal interpolation (OI) using a finite-element method (Beckers et al., 2014; Troupin et al., 2012) . The input gridded data are listed below. They are stored in netCDF files and are accessible from the Zenodo platform:
1. Annual climatology (reference), obtained by analyzing all data (regardless month or season) for the whole period from 1950 to 2015. Used as a mean reference that subtracted from the annual decadal climatology to obtain the T/S anomalies.
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It is available here: https://doi.org/10.5281/zenodo.1146976. The input data used for the current work have been already evaluated with existing comparable products in the region such as SeaDataNet and WOA13 monthly climatologies (Iona et al., 2018) . It is important to notice that in the used input climatology, 25 each gridded field is accompanied by an error field that allow one to assess the reliability of the input data. This helps to objectively identify areas with poor data coverage, mask them and exclude them for further processing.
Definitions
Anomalies: In all products, temperature and salinities anomalies have been used. Anomaly is defined as the difference between the value of a grid point and a mean climatological reference. 
Mean climatological references :
-Annual climatology used as reference for the annual decadals,
-Seasonal climatology used as reference for the seasonal decadals.
Climates: the World Meteorological Organization (WMO) recommendation of using 30-year averages (climate normals) for describing climate conditions was used in this study (WMO, 2011) . Climate shift is defined as the difference between 5 two successive 30-year averages.
Linear trends: they were computed by linear regression with a constant term.
It is noted that in the climate shifts presented in this work, the period 1950 to 1979 contains three decades and the period 
Process Outline
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First, seasonal and annual decadal fields of temperature and salinity anomalies (T/S) at each standard depth were generated.
Next, T/S vertical averages were calculated for the four layers, 0-150 m, 150-600 m, 600-4000 m, 0-4000 m. The thickness of the layers was used as weights for the vertical averaging calculated as the half of the distance between adjacent depths. The following weights were used for the 31 standard depth levels: 2.5, 5, 7.5, 10, 15, 22.5, 25, 25, 25, 37.5, 50, 50, 75, 100, 100, 100, 100, 100, 100, 100, 100, 100, 100, 100, 175, 250, 375, 500, 500, 500, 500 . For the estimation of the OHC anomalies the 20 following methodology was used. Each T/S anomaly at each standard depth is associated with a volume which consists of the area of the 1/8
• longitude/latitude grid multiplied by the thickness of each layer e.g. the vertical weights. By multiplying the volume with the T anomalies and by the density of sea water and by the specific heat, we obtain the OHC anomaly of a specific grid point at each standard depth. By integrating over a depth layer and over all the analysis area, we obtain the OHC anomaly (in Joules) for the whole Mediterranean Sea according to the following equation:
The areal density of OHC (in J/m 2 ) is obtained by integrating the vertical average T anomaly over a depth layer according to the equation: and corresponds to mean wet volume of the analysis grid of the interpolation. For the OSC, the same methodology is used except that we do not multiply by (ρ C p ), the term that converts temperature to thermal energy 5 (heat).
Climatic indices content
The produced climatic indices for the whole Mediterranean Sea (-6.25
• W-36.5
• E, 30
• -46
• N) consist of: All data are stored in netCDF files except the time series that are in ascii format and are accessible at: https://doi.org/10.5281/zenodo.121010
Results
We outline below some of the capabilities of the new product. The explanation of the long term variability patterns that are revealed and attribution of possible causes is out of the scope of this work. A short overview of these was given in the Fig. 1(a) ), 150-600 m ( Fig. 1(b) ), 600-4000 m (Fig. 1(c) ), and 5-4000 m ( Fig. 1(d) ).
From the surface layer until 150 m the climate shift is not uniform. Western Mediterranean surface layer ( Fig. 1(a) (Schroeder et al., 2016) . The surface layer of Eastern Mediterranean ( Fig. 1(a) ) is cooling with a noticeable cooling spot at the Ierapetra gyre. We see the same with surface patterns at the intermediate layers from 150-600 m but with about half of the 10 strength of the surface ( Fig. 1(b) ). The deep waters are warming almost everywhere except the southern Adriatic, the southern Levantine and south west Ionian basin ( Fig. 1(c) ).
Regarding the salinity, it is important to notice that in the whole Western Mediterranean there is a clear OSC increase throughout the whole water column (Figs. 2(a)-2(b)) while in the Eastern Basin we see that the spatial pattern is not uniform and a notable salt content increase is observed in the areas of deep water formation e.g. South Adriatic and Aegean Sea.
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According to the bibliography, this is the Eastern Mediterranean Transit (EMT) signature on the intermediate and deep waters not only at the Eastern Mediterranean but at the whole basin (Klein et al., 1999; Theocharis et al., 1999; Rixen et al., 2005; Schroeder et al., 2016) . Notable salt increases are found at the Shikmona gyre and south west Ionian following the patterns of the heat content. These increase have been identified in others studies (Skliris et al., 2018; Vargas-Yáñez et al., 2010a; Bethoux et al., 1999; Rohling and Bryden, 1992) , but not with the details included in these spatial regional based views.
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To illustrate the temporal variability of the thermohaline content, the annual OHC and OSC anomalies for six discrete periods Mediterranean waters warming during the 1990s could be attributed to the positive phase of AMO (Macias et al., 2013) .
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To get a more detailed insight in the long-term fluctuations we show at Fig. 3(c) , times series of the decadal OHC and OSC anomalies integrated over the whole column depth and area of the Mediterranean Sea. There are changes, slowdowns and accelerations throughout the studying period and we can distinguish three main periods: a) from 1960 to late 1970s with an increasing trend in salt but a decreasing heat trend, b) from 1980 to 1990 with no significant changes, and c) from the 1990 to today with strong OHC/OSC increasing trends (Skliris et al., 2018) . For the study period from 1950-2015 there is a ) respectively, which corresponds to a temperature increase of about 0.024
• C/decade and a salinity increase of about 0.012 ppt/decade. These estimates for temperature and salinity increases are about 30% and 60% higher than the one estimated by Rixen et al. (2005) . The temperature increase is 50% higher than the one estimated for the global ocean by Levitus et al. (2012) .
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To provide evidence that our results of the decadal OHC and OSC anomalies changes are not biased because of the time averaging used to define the analysis periods (averaging over the decades), we computed a 57-year trend for the period [1950] [1951] [1952] [1953] [1954] [1955] [1956] [1957] [1958] [1959] to 2000-2015 based on the decadal T/S anomalies averaged over the four depth layers. As reference, the annual climatology of all years was used. Figure 4 illustrates the statistically significant spatial pattern of the linear trends for temperature ( Fig. 4 , left-hand side) and salinity (ppt/decade, Fig. 4 , right-hand side). The trend for the whole water column (Fig. 4(g) and 10 Fig. 4(f)) reveals that for the salinity (Fig. 4(f) ) there is a positive trend everywhere which can lead to the conclusion that the areas of long-term decreasing trends (Fig. 4(g) ), the Aegean and the South Adriatic Sea which could be responsible for the smaller rate of the heat uptake compared to the salt content increase. The results show a noisy and patchy spatial pattern of the temperature anomaly trend at the first 600 m (Figs. 4(a) and 4(c)) more noisy than the one for the salinity (Figs. 4(b) and 4(h)). This pattern reveals the climatic residual of the circulation patterns with spatial scales larger than 300-400 km which of the correlation scale of the analysis of the gridded inputs fields. At the surface (Fig. 4(b) ) the salinity trend is positive almost 5 everywhere in the Mediterranean Sea, while in the intermediate depths (Fig. 4(h) ) we distinguish the strong positive trends at the areas of deep water formation at the Eastern Mediterranean, South Adriatic and Aegean Sea which can be linked with the Eastern Mediterranean Transient the late 1980s and early 1990s (Malanotte-Rizzoli et al., 1999; Lascaratos et al., 1999; Klein et al., 1999; Roether et al., 1996) . This strong signal can be also traced out at the Alboran Sea and the south Algerian basin (Fig. 4(d) ), the outflow path of the LIW towards the Atlantic Ocean, a result that is in agreement with the bibliography (Millot We presented a new product of climatic indices for the Mediterranean Sea oriented to the description and study of the long term variability and climate change of the area. The assessment of the T/S and OHC/OSC changes is a key priority for monitoring the climate changes in a focal region such as the Mediterranean. So far, the insufficient spatial and temporal coverage of historical in-situ data induced large uncertainties and differences among the used approaches especially to large basin scale 5 estimations. Thanks to improved data repositories in terms of abundance and quality like SeaDataNet and state of the art mapping techniques implemented by the DIVA software tool, we are able to interpolate in an optimal way and produce high resolution products that can fill data gaps and be used in a more efficient way by many applications for the study of the past, present and future climate changes. Future improvements include the use of density climatological field instead of a constant value at the OHC estimations. Such a density gridded field is not currently available as input since we interpolate T/S separately 10 but it would be possible to derive from the T/S gridded fields. Another improvement concerns the correction of the historical bathythermographs data although previous studies indicated that it does not alter the final results.
Code and data availability
The netCDF Operators (NCO) command-line programs and the mathematical and statistical algorithms of GSL (the GNU Scientific Library) were used for the manipulation and analysis of the netCDF gridded fields of temperature and salinity of Competing interests. The authors declare no competing interests.
Disclaimer. It cannot be warranted that the product is free from errors or omissions. Correct and appropriate product interpretation and usage is solely the responsibility of data users.
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